






























































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1. Health care contexts (at the time study was conducted) of studies that compared direct transport of patients or transport to 
secondary center then transfer to the Level I/II Trauma Center 




















































































































































































































































































































































































































































































Table A. Comparison of cohort characteristics of direct admissions compared to those transported initially to a secondary hospital 
and subsequently transferred to level I/II trauma centre for patients with severe trauma 
 
Study  Design Participants Group characteristics Unadjusted mortality 
number of deaths (%)*and 
other patient outcomes 
Direct vs transfer 
Adjusted mortality 
United States of 
America 
     
Garwe et al., 201149 
January 2006 - 
December 2007 
Retrospective cohort study, 
State Trauma Registry data 
Linked data (10 cases 
missing) supplemented by 
manual record review  
Ethics approval 
1,998 patients with major 
trauma 
Direct group 1,398 (70%) 
patients 
Transfer group  600 (30%) 
patients 
Include if transported alive by 
EMS to the closest trauma 
facility or Level I TC; arrived 
at the Level I TC within 24 
hours of injury; and 
transferred patients only 
stopped at one intermediate 
facility before subsequent 
transfer to the Level I TC 
Non-fatal injuries included if 
patient hospitalised for 2+ 
days at Level I TC 
Excluded: patients whose 
closest facility a Level I TC, 
burn-related injuries, dying in 
ED within 2 hours (n = 64) of 
injury  
Missing information from 23 
patients - excluded from 
Direct group significantly 
more likely to be Black, to 
have penetrating injuries, to 
be injured during night hours 
and to be closer to the Level I 
TC 
Direct group also transported 
from scene of injury by 
advanced life support level 
EMS provider 
Transport group - 
disproportionate number of 
paediatric and elderly 
patients, tendency toward 
higher ISS scores and 
disproportionate number of 
patients with more severe 
(AIS score 3) head injuries in 
transfer group 
24 hour  
62 (4.4%) vs 21 (3.5%) 
2-week 
115 (8.2%) vs 54 (9.0%) 
30-day mortality 
125(9%) vs 63 (10.5%)  
 
Median ICU LOS both 4 days 
Hospital LOS 6 vs 7 days 
24 hour mortality (HR, 1.7; 
95% CI 0.6–4.8) direct vs 
transfer cohort 
>2 week-30 day-mortality (OR 
HR, 2.9; 95% CI, 1.3–5.6) 
direct vs transfer cohort 
>14 day to 30-day mortality 
(HR, 2.9; 95% CI, 0.7–12) 
direct vs transfer cohort 
 
Adjusted for propensity to be 
transported directly, age, 
injury severity score, severe 
head injury, emergency 
medical service or ED 
intubation, comorbid 
conditions, and time to 
definitive Level I trauma care 
mortality multivariable  
analyses, none of these died 
Data imputed for 70 patients 
missing initial scene SBP and 
for 39 missing initial scene 
GCS score 




Trauma Registry queried and 
medical records reviewed  
No centralized trauma system 
Protocols recommended 
transfer to TC for severely 
injured patients if 
transportation <20 minutes 
Ethical approval not reported 
3,507 adult patients ISS >15: 
3,227 direct group and 280 
transfer group 
250 (5.5%) excluded: DOA or 
missing data 
Similar in age but transfer 
group more severely injured, 
more severe head injury, and 
lower admission BP  
Hospital mortality 237 (7%) vs 
28 (10% ) (p=0.72) 
Significant variables age2 (p< 
0.001), ISS (p < 0.001), and 
GCS (p < 0.004). Time at 
referring hospital not 
significant. 
Logistic regression but OR 
not reported 
Adjusted for factors 
associated with mortality 
Hartl et al. (2006)50 
2000-2004 
Data source-New York State 
TBI-trac database  quality 
improvement programme 
Ethical approval 
1,123 of 1449 patients with 
severe TBI (GCS<9)  
Direct group= 346 transfer 
group=95 
Excluded (326 patients) GCS 
score >=9 on day 1 (71 
patients), GCS motor score 
=6 on any day(14 patients), 
GCS score =3 with pupils 
bilaterally fixed and dilated 
and not paralysed (126 
patients), daily or outcome 
GCS score >=4 with pupils 
bilaterally fixed and dilated or 
missing pupil information (79 
patients), recorded time to 
study hospital > 24 hours (13 
patients), transport time to 
study hospital < 10 minutes 
(17 patients) and missing 
outcome assessment (six 
patients) 
No difference between groups 
with age, GCS, hypotension, 
pupillary abnormalities 
Two-week mortality 
179 (21%) vs 65 (26%) 
(p=0.1) 
Direct transport (0) 
associated with significantly 
lower 2-week mortality than 
transfer (1) (OR 1.48, 95%CI 
1.03-2.12, p=0.04) 
Adjusted for day 1 
hypotension status, age < or 
>60 years, day 1 pupil status, 
initial GCS score, transport 
mode, time to admission, and 
pre-hospital intubation 
Large amount of missing pre-
hospital BP data, day 1 SBP 
values from the in-hospital 
records used to control for 
hypotension in the analysis 
Included children 
Ground transport 64% 
Helling et al. (2010)51 
2003-2008 (68 
months) 
Rural trauma system 
Trauma Registry queried 
No population-based trauma 
registry in Pennsylvania 
Ethic approval not reported  
Direct group 2388 patients, 
transfer group 529 
ISS >15: Direct group =1209 
and transfer group =267 
patients 
Included all deaths at the 
Level I TC  
Excluded transfers or 
discharges from Level I TC 
within 24 hours or who had an 
ISS < 9, transfers > 24 hours 
of treatment at secondary 
hospital 
Did not include deaths at 
secondary hospital 
Direct group 1,390 
transported by ground and 
733 by air, mode of transport 
not recorded for 265 patients.  
Transfer group 529 patients 
initially cared for at 20 
secondary hospitals, one of 
which was a TC (Level II; n = 
8) 
348 transported by ground 
EMS and 177 by air 
No missing data reported 
Transfer group slightly older 
(49 years +/- 25 years vs. 45 
years +/- 23 years, p < 
0.0001), slightly higher 
incidence of cardiac and 
hepatic comorbidity, fewer 
patients with upper and lower 
extremity AIS score > 3 (9% 
vs. 14%, p = 0.001 and 12% 
vs. 20%, p < 0.0001) and 
fewer patients with severe 
TBI (6% vs. 10%, p = 0.001) 
Mortality 9% vs 6% p = 0.07 
Mortality between ground (22 
of 346) versus air transport 
(11 of 177) in transfer group 
(p = 0.96) 
Three referred patients died 
within 24 hours of arrival at 
the Level I TC 
For ISS >15: 189 (16%) vs 29 
(11%), p = 0.06 
For ISS >24: 168 (24%) vs 23 
(21%) (p = 0.007) 
 
ICU LOS 5.3 vs 3.9 
Hosp. LOS 6.4 vs 5.5 
 
FIM Scores  
Feeding  3.75 vs 3.70 
 Transfer ability 1.59 vs 1.46 
 Locomotion 3.89 vs 3.83, 
 Verbal expression 3.28 vs 
3.34 
 Social interaction 3.88 vs 
3.84 
No adjusted analyses for 
potential confounders 
Johnson et al. 
(1996)53 
1985 – 1988 
Prospective observational 
study, data collected by 
medical staff  
Ethics approval not reported 
98 children with severe TBI: 
direct group 56 and transfer 
group 42 patients 
Age not reported for severe 
TBI 
Unable to be resuscitated in 
Transfer group lower GCS  
Trauma score significantly 
lower in transfer group (9 
direct vs 7 transfer) 
Transfer group lower 
proportion of MVA, falls, 
15 (27%) vs 21 (50%) 
(p<0.05) 
No multivariate adjustment for 
potential confounders 
ED not included 
Road transport 46%, 
helicopter 36%, private 
vehicle 18% 
assault but higher proportion 
abuse and ‘other’ group 
Larson et al. (2004)56 
January 1991-June 
1999 
Retrospective analysis of 
trauma registry data 
Ethics approval 
Pediatric trauma patients 
(<19 years of age) 
transported by helicopter, 
admitted to pediatric trauma 
center  
Included patients who 
suffered blunt or penetrating 
trauma  
1,412 patients transported to 
trauma center by helicopter  
Excluded burns (n = 99), 
hanging (n = 7), drowning (n 
= 17), 19+ years (n=5), 
missing ISS (n = 63) 
Direct group =379 patients 
Transfer group after 
stabilisation = 842 patients 
Major (ISS > 15) trauma 
direct group=120 and transfer 
group 278 patients 
Mean age, median ISS, and 
distribution of penetrating and 
blunt injuries did not differ 
significantly between the 
groups 
Transfer group sustained 
fewer injuries from MVAs, 
pedestrian versus MVA and 
more injuries from assaults, 
falls, and sports 
Mortality direct group 33 (9%) 
vs 46 (6%) for transfer 
patients; p < 0.05 
For major trauma, direct 32 
(27%) vs 43 (16%, p < 0.05) 
for transfer group 
Direct patients with major 
trauma longer mean ICU LOS 
149 hours vs 118 hours; p < 
0.05) for transfer group 
No multivariate adjustment for 
potential confounders 
Nathens et al. 
(2003)19 
1995-1998 
Retrospective study, Trauma 
Registry review 
Ethics approval not reported 
Direct group 4,439 patients, 
transfer group 281 patients 
from urban setting 
Trauma patients aged >=16, 
LOS>2 days 
Excluded burns  
Transfer group similar age 
and sex but significantly more 
likely to be commercially 
insured, healthier and have 
blunt injuries. Also lower ISS , 
fewer patients with maximum 
AIS scores in the highest 
strata and TBI less severe  
439 (10%) vs 14 (5%)  
(RR 0.50; 95% CI, 0.30–0.86) 
RR of death transfer vs direct 
group (RR 1.05; 95% CI 
0.61–1.80) 
Adjusted for age, gender, 
insurance status, comorbidity 
(cirrhosis, cardiovascular or 
cerebrovascular disease, 
COPD), mechanism of injury, 
ISS, severity of head injury 
(head AIS score), maximum 
AIS shock (SBP< 90 mm Hg) 
in ED of either the referring 
hospital or Level I facility. 
Nirula et al. (2010)59  
April 2004 - June 
2007 
Secondary analysis Glue 
Grant Trauma Database - 
ongoing large multicentre 
prospective cohort study to 
evaluate inflammatory 
response to injury and 
posttraumatic multiple organ 
failure  
Patients admitted to any 1 of 
8 participating institutions in 
United States 
Ethics approval not reported 
787 patients in the direct 
group and 318 in the transfer 
group 
Patients aged 16+ years, 
blunt trauma, arrival to 
hospital within 6 hours of 
injury, hypotension (SBP<90) 
or elevated base deficit >=6), 
blood transfusion within 12 
hours of injury, body region 
with an AIS score >=2 
(excluded  brain) and intact 
cervical spinal cord 
Excluded 91 (8%) patients 
who died within 24 hours of 
injury 
Similar injury mechanisms, 
identical ISS, and similar 
APACHE II scores, but 
transfer group older, greater 
proportion of Caucasians, 
higher frequency of cardiac 
disease 
12% both groups Mortality increased for 
transfer group (OR 3.0, 95% 
CI 1.6-9.0)  
Adjusted for patient 
demographics, time from 
injury to TC, resuscitation 
volume, transfusions, TBI, 
initial SBP, comorbidities and 
injury severity  
Obremskey & Henley 
(1994)60 
Jan-Jun 1990 (6 
months) 
Prospective study, trauma 
registry data 
Subgroup case control study 
Ethics approval not reported 
513 trauma patients with 
musculoskeletal injury 
included in ISS and aged >12 
years 
384 direct group (admitted 
through ED), 129 transfer 
group (admitted from another 
hospital) 
Similar injuries but significant 
differences in ISS, ICU LOS, 
total charges 
Transfer group higher ISS, no 
differences in RTS 
17 (4.4%) vs (6) 4.7% 
(p=0.89) 
No multivariate adjustment for 
potential confounders for 
mortality outcome 
103 transfer patients and 103 
controls from direct group 
matched on ISS and age, if 
>= 50 years statistically 
significant increase in LOS, 
reimbursement, and charges  
Rivara et al. (2008)29 
1999 
 Retrospective analysis of 
data for one participating site 
of National Study on Cost and 
Outcome of Trauma (NSCOT) 
database23  prospective study 
of injured patients treated in 1 
of 18 TCs and 51 large non-
TCs 
Ethics approval 
Patients  with major trauma, 
ISS>15, 18 - 84 years with at 
least one AIS score >=3 injury  
Excluded if first presented for 
care >24 hours after injury or 
89 patients admitted to 
secondary hospital prior to 
transfer to TC  
Direct group 7,570 patients 
Transfer group 2,779 
No difference in proportion of 
males, NISS, but direct group 
younger, more likely to have 
penetrating injury, and fewer 
comorbid conditions 
Hospital mortality 
621 (8.2%) vs 239 (8.6%) (p= 
0.66) 
12-month mortality  
10% vs 11% (p= 0.29) 
No increase in the adjusted 
risk of death w/in 1 year for 
transfer patients (HR 0.99, 
95% CI 0.8, 1.3) 
Adjusted risk of death higher 
in transfer patients than direct 
group between 50 days and 
365 days after injury (HR 1.3, 
95% CI 0.8, 2.1), but not 
within first 50 days (HR 0.95, 
95% CI 0.8, 1.2) but not 
statistically significant 
Adjusted for age group, 
gender, injury severity, injury 
mechanism, and 
comorbidities 
Rogers et al. (1999)63 
Jan 1993- Jul 1996 
(3.5 years) 
Trauma registry data 
Most transfers by ground 
(94%) with few (6%) 
transferred by helicopter 
Ethics approval not reported 
2,674 trauma patients:  
Age not specified 
Direct group 1,608 (61%) 
Transfer group 1,061 (39%) 
Transfer group higher injury 
severity and acuity, more 
head/neck and multiple 
injuries  
53 (3%) vs 40 (4%) ISS and age contributed 
significantly (p <0.001) to 
mortality but transfer (0) vs 
direct group (1) (OR 0.84, 
95%CI 0.46-1.50, p = 0.55) 
Adjusted for age, ISS transfer 
group and RTS 
Stone et al. (1986)65  
1969-1981 (12 1/2-
years) 
Clinical, operation and 
autopsy record review  
Transported to hospital by 
ambulance 
Ethics approval not reported 
128 patients admitted with 
acute SDH 
Excluded haematomas 
complicating open depressed 
fractured skull, gunshot 
wound 
Male 91%, included children. 
Assault (58%), falls (34%) 
Direct group=82 patients 
Transfer group= 46 patients 
Groups differed significantly 
by race, mode of injury, 
alcohol intoxication 
41 (50%) vs 35 (76%) 
(p=0.004) 
 
Functional recovery 33% 
direct group vs 15% transfer 
group 
Severe disability/vegetative 
state 17% direct group vs 9% 
transfer group 
No multivariate adjustment for 
potential confounders 
Timberlake (1987)66 
January l, 1990 to 
December 31, 1994 
Trauma registry queried and 
patients' hospital records 
reviewed 
Ethics approval not reported 
39 (0.64%) patients with 
blunt pancreas injury  
Direct group = 28 (72%)  
Transfer group = 11 (28%)  
2 (18%) patients underwent 
surgery prior to transfer 
Mechanism of injury 34 (87%) 
MVA, 3 (8%) motorcycle 
crashes, 2 (5%) other 
No statistically significant 
differences between the 
groups other than delay to 
definitive care 
Mortality direct group 2 (7%) 
cases and 2 (18%) in transfer 
group (p = 0.66) 
Hospital LOS for direct group 
26 days and 20 days for 
transfer group  
No multivariate adjustment for 
potential confounders 
Young et al. (1998)67 
July 1994-October 
1995 (15 months) 
 Trauma registry, medical 
records to verify missing data 
Ethics approval not reported 
Direct group=165 (137 
survived 24+ hours) 
Transfer group=151 (135 
survived 24+ hours) 
Adult trauma patients, age>18 
and ISS > 15 
Direct group lower GCS, SBP 
on arrival to ED and RTS 
Hospital mortality 
38 (23%) vs 28 (19%) NS 
Patients survived >24 hours  
10 (7%) vs 12 (9%) (p=0.63) 
No multivariate adjustment for 
potential confounders 
Canada      
Bell et al. (2012)47 
Jan. 1, 2001- Mar. 
31, 2006 
British Columbia Trauma 
Registry 
Prehospital and in-transit 
deaths and deaths in other 
facilities identified from 
provincial Coroner Service 
database 
Place of injury identified 
through data linkage with 
census records 
Ethics approval 
Patients aged >= 18 years 
with severe thermal burns 
referred or transported 
directly to burns centre 
Excluded hospital admissions 
and deaths from hypothermia 
and intentional self-harm, 
patients treated and 
discharged on the same day 
or outpatients treated for 
burns in ED or burn clinic  
Direct group = 60 patients 
Transfer group = 104 patients 
Air transport direct group 7 
(12%) patients, transfer group  
63 (60%) patients 
No missing data reported 
Significant difference in age, 
intubated before transport, 
use of fixed wing aircraft, rural 
cases, transport times 
between groups 
Bivariate analysis for 
continuous and discrete 
variables 
Relative risk (RR) of 
prehospital and in-hospital 
mortality and hospital stay by 
transport status Poisson 
regression model 
Patient hospital mortality after 
72 hours: direct group = 11 
(18.3%), transfer group = 9 
(8.6%) 
In-hospital mortality 15 (25%) 
for direct admissions and 18 
(17%) for transfers 
Covariates - site where 
definitive care delivered, age, 
sex, ISS, inhalation injury, 
intubation, mode of transport, 
transport time, burn total body 
surface area, rural and urban 
injury location, and injury 
mechanism 
After controlling for patient 
and injury characteristics, 
transfer group associated with 
in-hospital death (RR 1.32, 
95% CI 0.54- 3.22) or hospital 
stay (RR 0.96, 95% CI 0.65-
1.42) 
Rural populations 
experienced an increased risk 
of total mortality (RR 1.22, 
95% CI 1.00-1.48) 
Haas et al. (2010)18 
July 2002 - 
December 2007 
Population-based study 
Retrospective cohort design  
Data source centralized 
administrative health 
databases, including National 
Ambulatory Care Reporting 
System 
Ethics approval  
Severely injured patients 
aged 18+ years and surviving 
to ED  
Severe injury=ISS >15 or 
death within 24 hours of 
presentation 
Direct cohort=7481 (66%) 
patients  
Undertriage cohort =3917 
patients initially triaged to 
non-TC: 
 3469 (30%) =transfer group  
 448 (4%). died before 
transfer could be 
accomplished  =ED death 
group 
Undertriage and direct 
cohorts similar demographic 
characteristics, but patients in 
direct cohort had more 
penetrating injuries and lower 
ISS 
Patients who died before 
successful transfer more 
likely to be female, older, 
have comorbidities, 
penetrating trauma, and 
severe head injuries 
30-day mortality 
1192(16%) vs 425 (12%) 
(unadjusted OR 0.74; 95% CI 
0.65–0.83) 
Including deaths at secondary 
hospital 30-day mortality, i.e. 
undertriage 
1192 (16%) vs 873 (22%) 
Unadjusted OR (1.51, 95% CI 
1.37–1.67) 
30 day-mortality (OR 0.91; 
95% CI 0.80–1.04) in transfer 
cohort vs direct cohort 
Adjusted OR transfer vs direct 
cohort 1.24 (95% CI, 1.10–
1.40) 
Adjusted for age; gender; 
Charlson score; mechanism 
of injury; ISS; and severe 
injury (AIS >=3) in the head, 
chest, and abdomen region 
Excluded: burns, foreign 
bodies, poisonings, toxic 
effects, suffocation, drowning, 
and complications of medical/ 
surgical care; presented with 
injury diagnosis code within 3 
months of index event and 
patients DOA to ED or died 
within 30 minutes of ED 
presentation; died in ED after 
triaged non-urgent (CTAS 4 
or 5) or admitted to non-
trauma center 
Haas et al. (2012)20 
2002-2010 
Population-based, 
retrospective cohort study  
Data derived from 
administrative databases 
capturing all emergency 
department deaths and 
admissions in the region 
Ethics approval  
MVA occupants, aged 
18+,presenting to ED with 
severe injury ISS >= 15 or 
death within 24 hours of 
presentation 
Excluded discharges home 
from ED, patients with an 
injury-related ED visit in the 3 
months before index event, 
died at scene, DOA or who 
died within 30 minutes of ED 
presentation, patients 
transferred more than once 
6,341 MVA occupants: Direct 
group 2,857 patients (45%) 
transfer group within 24 hours 
2,003 patients (57%)  
Missing ISS data - direct 54, 
transfer 136 patients 
Transport mode not reported 
Transfer group older, lower 
ISS (more missing or low ISS 
because of greater number of 
early deaths within 24 hours 
of presentation) but included 
patients not transferred to 
trauma centre (n=1,481) 
Unadjusted mortality  
ED 2% vs 4% 
24-hour 6% vs 7% 
48-hour 8% vs 9% 
7-day 10% both groups 
30-day 12% both groups 
Compared to transfer group, 
adjusted mortality for direct 
group at  
24 hours OR 0.58, 95% CI 
0.41-0.84 
48 hours OR 0.68, 95% CI 
0.48-0.96 
7 days OR 0.76, 95% CI 0.55-
1.05 
30 days OR 0.68, 95% CI 
0.48-0.96) 
Sampalis et al. 
(1997)28 




Trauma Registry review  
4,364 patients including 
children 
Included: injured within city 
limits, transported to hospital 
Transfer group younger, more 
males, more head/neck 
injuries (56% vs 28%). Similar 
ISS, TRS, PHI 
Hospital mortality 
4.8% vs 8.9% (p <0.003) 
Mortality after admission 
Adjusted overall mortality OR 
1.57; 95% CI = 1.17-2.08, 
p=0.02 
Adjusted for age, injury 
Ethics approval not reported by local EMS; alive on arrival 
to hospital PLUS  death as a 
result of the injury or hospital 
stay >3 days or ICU 
admission 
Direct group 2,756 (63%) 
Transfer group 1,608 (37%)  
Of the transfers, 437 (27%) 
from secondary centre and 
1,171 (73%) from primary 
hospitals 
3.6% vs 5.5% (p <0.003) severity, sex, MOI, body 
region 
Europe      




Dutch trauma registry data,  
based on Major Trauma 
Outcome Study (MTOS)81  
Mixture of prospective and 
retrospective registry data 
from 12 of 15 EDs 
Compared outcomes with 
existing norms for England 
and Wales 
Ethics approval not reported 
All trauma patients admitted 
from ED 
17,023 records with complete 
information of 25,445 
admissions from 12 EDs 
451 patients major trauma 
ISS>15 transported to level I 
trauma centre (direct 
group=382, transfer 
group=69) 
Included trauma patients 
admitted immediately or 
following transfer from 
another hospital or DOA or 
died in ED 
Excluded patients with 
missing values for ISS 
(n=1395), GCS, outcome 
(mortality or length of stay 
n=4230), type of injury (blunt 
or penetrating), age (n=95) or 
transfer; patients who 
survived admission in the 
trauma centre and transferred 
within 30 days to another 
Transfer group had more 
severe brain injury (75% vs 
53% direct group) 
In-hospital death within 30 
days direct group 110 (29%), 
transfer group 15 (22%) 
Compared with transfer 
group, unadjusted OR 1.5; 
95% CI 0.8 - 2.7  
Adjusted for age, severe brain 
injury, ISS and GCS  
Direct group compared to 
transfer group adjusted OR 
1.9; 95% CI 0.9 - 4.1 
institution (outcome unknown) 
Transport mode not described 
Joosse et al. (2012)54 
January 1, 2006 - 
December 31, 2009 
 
Retrospective study  
Trauma registry used to 
identify patients 
Chart review 
GOS assessed by reviewing 
the latest hospital and general 
practitioner’s correspondence 
Ethics approval not reported 
Patients with severe TBI (AIS 
of the head score >=3) and 
underwent neurosurgery 
within 6 hours after admission 
to Level I trauma center  
Direct group n=56, transfer 
group (transferred to Level I 
trauma center after neuro-
surgical intervention) n=24 
Excluded patients operated 
for insertion of intracranial 
pressure monitoring device or 
external ventricular drains 
only, admitted for observation 
but requiring a secondary 
emergency operation, 
required surgery after clinical 
deterioration, or patients 
dying of uncontrollable 
bleeding outside the brain 
No missing data reported 
Prehospital GCS score was 
higher in the transfer group (p 
= 0.02) 
Transfer group had lower 
score in almost all injury types 
30-day mortality direct group 
15 (27%) vs transfer group 8 
(33%, p = 0.55) 
Direct group had a worse 
GOS on-scene but did not 
differ overall (p=0.87) 
No multivariate adjustment for 
potential confounders 
Moen et al. (2008)16 
1998– 2002 
Retrospective analysis 
Ambulance and hospital 
records 
Direct group: 79% air 
ambulance or ambulance with 
anaesthesiologist compared 
with 26% of the patients 
transported to local hospital 
(p<0.001) 
95% of transfer group from 
secondary hospital to TC by 
air ambulance services  
Ethics approval 
146 patients with severe TBI 
(GCS<=8) 83 patients in 
direct group, 63 patients in 
transfer group 
9 patients bilaterally fixed 
dilated pupils, GCS = 3 and 
CT scan showing signs of 
herniation on admission and 2 
patients died within 24 hours 
because of other injuries 
included in analyses of 
transportation, but excluded 
from analyses of surgical 
treatment, outcome and death 
Transfer TBI group (43%) had 
fewer MVA injuries, higher 
field GCS, lower ISS, fewer 
pre-hospital intubations  
6-month mortality  
23 (31%) vs 9 (15%) 
(p<0.001) 
6-month mortality not 
increased for transfer group 
(OR 0.43, 0.16, 1.14, p=0.09) 
Adjusted for age, GCS and 
pupillary abnormalities 
Median age 34 (1-88) years, 
Children included (19 
patients<16 years) 
Nardi et al. (1994)58 
1 August 1992 to 28 
February1993 
Prospective study, collected 
data entered into study 
database 
Single EMS - controls all 
ambulances and HEMS, 
Decision to call HEMS at 
discretion of ambulance crew 
on arrival to scene 
Ethics approval not reported 
222 severe trauma patients 
from road traffic, work and 
sport accidents with ISS > 15, 
ICU admission 48+ hours in 
level I/II trauma center, 
received ventilatory support 
and alive at time of arrival of 
first rescuers 
Direct group ; 98 patients  
Transfer group 82 patients  
HEMS group: 42 patients 
transported by HEMS team  
95% MVA 
No differences in age, sex, 
ISS or level I/II trauma center 
Mean ISS direct group 35.1 
+/- 18.2, transfer group 33.4 
+/- 19.6 
Followed up to discharge 
from ICU 
Mortality:  
Direct group 31 (38%), 23 
died before trauma center 
arrival 
Transfer group 31 (32%) 
Mean ICU LOS for ICU 
survivors  
Direct group = 15 days 
Transfer group = 13 days 
No multivariate adjustment for 
potential confounders 
Osterwalder et al. 
(2002)61 
June 15, 1990, and 
June 15, 1996 
 
Prospective observational 
cohort study of trauma 
registry data 
Survival data from hospital, 
third-party medical records 
and citizen’s registration 
offices 
Primary rescue for 300 (64%) 
injured patients by ground 
services, 170 (36%) rescued 
by helicopter 
Ethics approval not reported 
Included blunt trauma, 
treatment in shock room, 
presence of injuries with 
minimum AIS 2+ in at least 
two of six defined body 
regions (without external 
system AIS-6), transfer to ICU 
or hospital stay 3+ days, or 
death after admission, ISS 8+ 
Direct group 280 patients  
Transfer group 190 patients 
Groups differed in age, 
causes of the trauma (sport, 
falls) and rescue times 
Mortality for direct group 33 
(12%), and transfer group 27 
(14%) 
No multivariate adjustment for 
potential confounders 
Sollid et al. (2003)64 
1986-1995 (10 years) 
Retrospective review of 
ambulance records, transfer 
notes, and hospital records  
Mode of transport: 
Direct group - ground 34%, 
rotor 38%, fixed wing 28% 
Transfer group: rotor 16%, 
fixed wing 84% 
85 patients with severe TBI 
operated for intracranial mass 
lesions within 48 hours after 
injury 
Excluded: 33 patients 
operated for depressed or 
open skull fractures without 
intracranial mass lesions, 1 
patient operated with 
No differences in admission 
GCS scores, type of injury or 
the proportion of patients with 
multitrauma 
16 (34%) vs 10 (26%)  
2 to 76 months post-injury for  
83 patients - direct group 
good outcomes 53% vs 58%  
 
No multivariate adjustment for 
potential confounders 
Ethics approval not reported diagnostic burr holes, 3 
patients with unknown time of 
trauma, 15 patients operated 
> 48 hours after trauma and 9 
re-operations 
Direct group=47 (55%) 
patients  
Transfer group=38 (45%) 
patients 
Asia      
Hsiao et al.,201052 
July 2003 - June 
2008 
Clinical data collected 
retrospectively from medical 
charts 
Ethics approval not reported 
254 patients with isolated 
severe TBI (GCS score 3~8 
after initial ED resuscitation) 
Direct group =87 patients 
Transfer group=167 patients 
Excluded: loss of vital signs at 
the scene or any time before 
arrival at hospital; multiple 
traumas; penetrating brain 
injury; <18 years of age; and 
GCS score > 8 after drugs 
(including alcohol) were 
eliminated.  
Multiple trauma - any AIS 
score (other than to the head) 
> 2 or a sum of AIS scores 
other than to the head > 3 
No significant difference 
between groups for sex, 
trauma mechanism, 
hypotension in ED, GCS  
Transfer group younger, 
lower percentage had 
hypertension and higher 
proportion hyperglycaemic 
55 (63%) vs 86 (51%) 
(p=0.07) 
Transfer not significantly 
correlated with mortality (OR 
0.51, 95% CI 0.24 - 1.10) 
Adjusted for age, sex, trauma 
mechanism, temperature, BP, 
GCS score, airway 
management before arrival at 
the hospital, laboratory data, 
surgical intervention 
Kam et al. (1998)37 
Aug 1994-Jul 1996 
(24 months) 
 Retrospective review of case 
notes 
Policy to transfer to nearest 
hospital 
Ethics approval not reported 
94/97 significantly injured  
patients 
43/60 patients ISS >15 direct 
group and 27/34 ISS >15 
transfer group 
No age restriction identified 
Transport mode road 
ambulance 
No significant difference in 
sex, age, mode of injury or 
ISS between direct admission 
and transfer-in cases 
21/43 (49%) vs 14/27 (52%) 
(p=0.81) 
No multivariate adjustment for 
potential confounders 
Nakahara et al. 
(2010)57 
October 2001 to 
September 2004 
Review of medical center’s 
computerized database 
Ethics approval 
396 severe blunt trauma 
patients aged 15+ years, who 
had at least one severe injury 
with an AIS >=3  
Excluded patients injured 
from another hospital and 
transferred to trauma center 
(n=4), no age (n=6), no 
ambulance team (n=51) no 
AIS scores (n=5), patients in 
cardiopulmonary arrest on 
arrival (n=58) 
Missing scene GCS data 
replaced with arrival GCS 
data (n=26) 
Direct group 343 patients 
Transfer group 53 patients 
Transfer group had greater 
proportion of falls (17% vs 
6%), ISS >15 (81% vs 68%) 
Transfer group had lower 
proportion GCS 3-5 (8% vs 
31%) 
Mortality 49 (14%) direct 
group vs 7 (13%) for transfer 
group 
No multivariate adjustment for 
potential confounders 
Poon and Li (1991)62 
Jan 1985 Dec 1989 
 
Prospective study of 
neurosurgical data 
Ethics approval not reported 
104 patients with traumatic 
extradural haematoma 
Direct group = 71 
Transfer group =33 
Transfer group more skull 
fractures 79% vs 70%, fewer 
posterior fossa lesions, 15% 
vs 19% 
Transfer group longer delay 
time of decreased conscious 
level to decompressive 
surgery: 3.2 vs 0.7 hours 
Mortality direct group 1 (4%) 
vs 8 (24%) transfer group 
Moderate/severe disability 
direct group 10% vs 27% 
transfer group  
No multivariate adjustment for 
potential confounders 
Australia and New 
Zealand 
     
Fatovich et al. 
(2011)30  
1 July 1997-30 June 
2006 
 
Trauma Registries from 4 
TCs 
Trauma patients transported 
to appropriate facility as soon 
as possible, objective for 
scene time maximum of 20 
minutes, allowing for access 
and extrication82 
Ethics approval 
Patients with major trauma, 
i.e. ISS> 15 
Direct group 2005 and 
transfer group 1078 patients 
Mean age (44 +/- 24 vs. 39 
+/- 24 years, p<0.001)  
Included children 
Median ISS=24 (p=0.08) for 
Transfer group significantly 
more head/neck injuries, less 
thoracic, abdominal and 
pelvis/ extremities injuries 
(p<0.001), less total number 
of regions injured (p<0.001) 
Groups differed in RTS on 
arrival to TC 
Hospital mortality 
395 (20%) vs 140 (13%) 
(p<0.001) 
Including deaths at secondary 
hospital:  
395 (20%) vs 214 (19%) 
(p=0.53) 
Adjusted OR for death in 
transfer group including ED 
deaths in secondary hospital 
0.99 (95% CI 0.58-1.68) 
Adjusted for age, ISS, RTS, 
total regions injured and time 
both groups 
Kejriwal & Civil 
(2009)55 
2004 
Trauma Registry data 
Ethics approval not reported 
198 adult patients in trauma 
registry with moderate or 
severe TBI, AIS score >=f 3 
97 direct group and 73 
transfer group 
Patients transferred >24 
hours or without time of injury 
or time of arrival excluded 
(15%)  
Transport by road ambulance 
89% direct group and 88% 
indirect group 
Significant difference in age, 
MVA and multitrauma 
between TBI groups  
17 (18%) vs 7 (10%) (p=0.1) No multivariate adjustment for 
potential confounders 
South Africa      
Cheddie et al. 
(2011)48 
March 2007 to 
December 2008 
Data retrieved from hospital 
informatics system and an 
independent database in the 
trauma unit 
interhospital 
Ethics approval  
407 severely injured patients: 
118 (29%) direct from scene 
and 289 (71%) inter-hospital 
transfers 
Median age 27 years (range 1 
- 83), 71% male 
Blunt injury accounted for 
66% of admissions and MVC 
87% 
Median ISS for cohort = 22 
(survivors 18, deaths 29; 
p<0.001)  
Transfer group accepted  at 
trauma centre for surgery and 
subsequent ICU management 
if surgical expertise 
unavailable at referral source, 
ICU admission following 
surgery at another institution, 
or for ICU management alone 
if surgery not required 
Excluded deaths in transfer 
No significant differences in 
age, gender but significantly 
more penetrating trauma, less 
MVA-related injuries and 
lower ISS in transfer group 
(25 vs 20; p<0.02) 
Hospital mortality 
37 (31%) vs 70 (24%) 
(p=0.19) 
Patients surviving > 12 hours:  
13 (14%) vs 67 (23.5%) 
(p=0.04) 
No significant difference in 
mortality between ambulance 
vs. air transport 
No multivariate adjustment for 
potential confounders 
group before arriving at 
trauma centre 
Transport: direct group road 
55%, helicopter 45%          
transfer: group road 100% 
AIS Abbreviated Injury Score 38 
CI Confidence Interval 
DOA Dead on arrival 
EDH Extradural haematoma 
EMS Emergency Medical Services 
ED  Emergency Department 
FIM Functional Independence Measure, ranged from 1 (complete dependence) to 4 (complete independence) 
GCS Glasgow Coma Scale83 
ICU Intensive care unit 
ISS Injury Severity Score36  
MOI Mechanism of injury 
MTOS Major Trauma Outcome Study 
MVA Motor vehicle accidents 
NISS New Injury Severity Score84 
LOS Length of stay 
OR  Odds Ratio 
RTS The Revised Trauma Score is a physiologic index of injury severity assessed on arrival at the hospital. It is a weighted sum of coded values of the systolic blood pressure and  
unassisted respiratory rate 
SDH Subdural haematoma 
TBI Traumatic brain injury 
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Figure B. Galbraith plot to assess heterogeneity for the 30 studies evaluated 
 
 
